Mice lacking the adenosine A 2A receptor are less sensitive to nociceptive stimuli, and 
Introduction
Adenosine can modulate pain pathways, and the nature of this action depends on the receptor subtypes involved. Adenosine acts via four G protein coupled receptors, A 1 , A 2A , A 2B , and A 3 . The A 1 and A 2A receptor have the highest affinity and are likely to be activated at physiological concentrations of adenosine, whereas the A 2B and A 3 receptors are more likely to play a role under pathological conditions such as ischaemia when high concentrations of adenosine are released [11, 12] . Adenosine acts via A 1 receptors mainly in the spinal cord to inhibit nociception, whereas A 2A receptors have a pronociceptive effect which has been suggested to be due to an effect on peripheral nerve terminals [32] . In support of these opposing roles of the A 1 and A 2A receptors, A 1 knockout mice have enhanced nociceptive responses [19] , whereas we and others have shown that A 2A knockout mice have reduced sensitivity to thermal nociceptive stimuli [3, 14, 24] . We have also shown a significant reduction in both phases of the nociceptive behaviour of A 2A knockout mice subjected to intraplantar formalin injection, and a marked antinociceptive effect of the selective A 2A antagonist 5-amino-7-(2-phenylethyl)-2-(2-furyl)-pyrazolo [4,3- e]-1,2,4-triazolo [1,5- c)pyrimidine (SCH 58261) in the same test [18] . Another study in mice also reported that an A 2A -selective antagonist injected locally into the paw caused reduction in both edema and pain responses to formalin [4] .
In addition to these behavioural changes, we found a large reduction in the level of Conflicting results have been obtained from binding studies and autoradiography [3, 7, 8] , and functional studies have reported some inconsistent effects of A 2A receptor ligands [1, 5, 15, 16, 25, 28, 36] . mRNA for the A 2A receptor has been reported to be expressed in the dorsal root ganglion but not in the spinal cord [20, 21] suggesting that A 2A receptors could be present on the peripheral terminals of the sensory nerves but not to any significant extent in the spinal cord, as suggested by Sawynok [32] .
More recent studies have however detected mRNA for the A 2A receptor in rat and mouse spinal cord [6, 16] , and it has been suggested that these may on be on 
Materials and Methods
Animals. Wild-type and A 2A knockout age-matched male mice on a CD1 background [24] aged 8 -12 weeks were bred from heterozygotes and genotyped at weaning. All experiments described followed protocols agreed by the UK Home Office in accordance with the Animals (Scientific Procedures) Act 1986, UK.
Formalin treatment. Mice were lightly restrained before receiving a single 20μl injection of 5% formalin solution subcutaneously into the ventral, plantar surface of the left hind paw. Mice were assigned to one of two groups designated 'early' or 'late', corresponding to the two phases of the response to formalin. Mice assigned to the 'early' group were killed 15 minutes after formalin injection, whereas mice designated to the 'late' group were killed 60 minutes following formalin injection.
The spinal cords were dissected out, frozen in isopentane at -25 o C and stored at -80°C until required. Control mice for each group followed the same treatment protocol as "early" or "late" mice but received no formalin injection. [18] . There were also differences in the response of these mice to formalin treatment throughout the spinal 9 cord (Figure 1 ). In wild-type mice there was a significant decrease in [ observed in other studies [23, 35] . This decrease in NMDA receptor binding was not confined to one side or region of the spinal, so is likely to reflect a generalised increase in neuronal traffic up and/or down the spinal cord, possibly corresponding to the descending inhibition which is known to result from nociceptive stimulation [26] .
Whatever the mechanism for the decrease, it is clear that this response to formalin is greatly reduced in the A 2A knockout mice, in parallel with the reduction in behavioural responses to formalin [18] . There was also a more localised increase in 
